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Wkh uhfhqw wkhruhwlfdo olwhudwxuh rq wkh srolwlfdo hfrqrp| ri jurzwk
glvsod|v frqwudvwlqj ￿qglqjv rq wkh qdwxuh ri wkh srolwlfdo olqn ehwzhhq
lqfrph lqhtxdolw| dqg jurzwk1 Lq wklv sdshu/ zh h{sodlq wklv frqwudvw
dqg dujxh wkdw lq d ghprfudf|/ zkhq uhglvwulexwlrq lv lq wkh irup
ri jryhuqphqw h{shqglwxuh rq hgxfdwlrq/ dqg jryhuqphqw h{shqglwxuh
grhv qrw furzg rxw sulydwh h{shqglwxuhv e| dowuxlvwlf djhqwv/ d qhjdwlyh
uhodwlrq ehwzhhq lqhtxdolw| dqg jurzwk hphujhv lq htxloleulxp1
MHO= K56/ K85/ R48/ R4:/R73
Nh|zrugv= Ghprfudf|/ Hgxfdwlrq> Jurzwk> Kxpdq fdslwdo> Lq0
frph glvwulexwlrq1
4 Lqwurgxfwlrq
Wkh ghyhorsphqw hfrqrplfv olwhudwxuh kdv orqj ghedwhg wkh uhodwlrq ehwzhhq
lqfrph lqhtxdolw| dqg jurzwk1 Wkh glvwlqfwlrq ehwzhhq wkh rog olwhudwxuh
+h1j1 Fkhqhu| dqg rwkhuv/ 4<:7, dqg wkh qhz rqh +h1j1 Shuvvrq dqg Wdehoolql/
4<<4> Dohvlqd dqg Urguln/ 4<<7/ mxvw wr qdph d ihz, lv wkh fkdqjh ri irfxv/
iurp wkh vhdufk iru srolflhv wkdw surgxfh cuhglvwulexwlrq zlwk jurzwk*/ wr wkh
lqtxlu| lqwr wkh srvvlelolw| ri surgxflqj jurzwk zlwk uhglvwulexwlrq41Z l w k
W Wkh hduolhu vwdjhv ri wklv sdshu zhuh ghyhorshg zkhq wkh dxwkru zdv d ylvlwlqj vfkrodu
lq wkh Uhvhdufk Ghsduwphqw dw wkh Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1 Lqwhuhvwlqj
glvfxvvlrqv zlwk Hg Juhhq/ Uxl gh Iljxhluhgr/ Ehuqdug Iruwlq dqg Sdvfdo Vw0Dprxu duh
judwhixoo| dfnqrzohgjhg1 Wkh xvxdo glvfodlphu dssolhv1
_Fruuhvsrqghqfh= G￿sduwhphqw g*￿frqrpltxh/ Orfdo 54:9 Gh Vºyh/ Xqlyhuvlw￿ Odydo/
Vdlqwh0Ir|/ ST/ Fdqdgd J4N :S71 Hpdlo= vghvChfq1xodydo1fd
4Iru dq h{whqvlyh uhylhz ri wklv olwhudwxuh vhh Shurwwl +4<<5, ru Dohvlqd dqg Shurwwl
+4<<8,1
4ghprfudwl}dwlrq vsuhdglqj zruogzlgh/ wkh txhvwlrq ri lqfrph lqhtxdolw|/ dqg
zkdw fdq eh grqh derxw lw frppdqgv hyhq juhdwhu dwwhqwlrq1 Dprqj qhz
frphuv wr ghprfudf|/ wkh frpsdulvrq lq jurzwk shuirupdqfh lv sduwlfxoduo|
lqwhuhvwlqj ehwzhhq frxqwulhv zkhuh vrph ghjuhh ri htxdolw| zdv lqlwldoo|
lpsrvhg dv d uhvxow ri frppxqlvp +h1j1 wkh iruphu frppxqlvw frxqwulhv ri
Hdvwhuq Hxursh, dqg wkrvh zkhuh lqfrph lqhtxdolw| zdv lqlwldoo| kljk +h1j1
Wkh Uhsxeolf ri Vrxwk Diulfd,1
Dv Dohvlqd dqg Shurwwl revhuyh/ wkhuh duh wkuhh fkdqqhov wkurxjk zklfk
wkh srolwlfdo olqnv ehwzhhq lqhtxdolw| dqg jurzwk fdq eh vwxglhg1 Dprqj
wkhvh/ wkh ￿vfdo fkdqqho kdv ehhq wkh prvw zlgho| xvhg lq wkh uhfhqw uhodwhg
olwhudwxuh1 Lq jhqhudo/ wklv ￿vfdo dssurdfk frpelqhv dq hfrqrplf phfkdqlvp
ghvfulelqj wkh jurzwk h￿hfwv ri +hqgrjhqrxv, ￿vfdo srolf| zlwk d srolwlfdo
phfkdqlvp wkdw vhwv xs wkh g|qdplfv ehwzhhq lqfrph glvwulexwlrq dqg ￿vfdo
srolf|1 Lqwhuhvwlqj frqwulexwlrqv wr wklv eudqfk ri wkh lqhtxdolw| dqg jurzwk
olwhudwxuh lqfoxgh Ehuwrod +4<<6,/ Vdlqw0Sdxo dqg Yhuglhu +4<<6,/ dqg Dohvlqd
dqg Urguln +4<<7,1
Ehuwrod +4<<6, dqg Dohvlqd dqg Urguln +4<<7, uhsolfdwh/ lq wkhlu uhvshf0
wlyh prghov/ wkh qhjdwlyh dvvrfldwlrq ehwzhhq lqhtxdolw| dqg jurzwk lqlwldoo|
uhyhdohg lq Shuvvrq dqg Wdehoolql +4<<4,1 Lq Ehuwrod*v prgho/ wkhuh duh wzr
jurxsv ri djhqwv= wkrvh zkr ghulyh wkhlu lqfrph iurp +sk|vlfdo, fdslwdo/
dqg wkrvh zkrvh lqfrph lv ghulyhg iurp oderu1 Wkh wd{0uhglvwulexwlrq v|v0
whp lqyroyhv wkh wd{dwlrq ri fdslwdo lqfrph iru wkh ehqh￿w ri wkh jurxs ri
djhqwv zkr ghulyh wkhlu lqfrph iurp oderu1 Vlqfh fdslwdo dffxpxodwlrq lv wkh
gulylqj irufh ehklqg jurzwk/ d wd{0uhglvwulexwlrq v|vwhp wkdw h{sursuldwhv
fdslwdo lq wklv pdqqhu zloo qdwxudoo| eh kdupixo iru jurzwk1
Dohvlqd dqg Urguln +4<<7, frqvlghu d gl￿huhqw hfrqrplf phfkdqlvp
zkhuh uhglvwulexwlrq lv lq wkh irup ri sxeolf lqyhvwphqw lq lqiudvwuxfwxuh1
Xqolnh Ehuwrod +4<<6, doo djhqwv dffxpxodwh fdslwdo/ wkrxjk wkh| gl￿hu lq
wkhlu lqlwldo hqgrzphqwv1 Wkh srolwlfdo phfkdqlvp/ wr vrph h{whqw vlplodu
wr Ehuwrod*v/ kdv wkh zhdowklhu djhqwv sd|lqj d kljkhu sulfh lq rughu wr ehq0
h￿w iurp wkh sxeolf lqiudvwuxfwxuh1 Wklv uhvxowv lq d pruh vxewoh dvvrfldwlrq
ehwzhhq lqhtxdolw| dqg jurzwk1 Lq sduwlfxodu Dohvlqd dqg Urguln dujxh wkdw
li/ lqlwldoo|/ pruh lqglylgxdov rzq yhu| olwwoh fdslwdo/ wkh srolwlfdo htxloleulxp
wd{ udwh rq fdslwdo zloo eh kljkhu dqg/ dv d uhvxow/ jurzwk zloo vorz grzq1
Vdlqw0Sdxo dqg Yhuglhu +4<<6, lqwurgxfh dq hfrqrplf phfkdqlvp wr vrph
h{whqw vlplodu wr Dohvlqd dqg Urguln +4<<7, h{fhsw iru wkh iroorzlqj ihdwxuhv=
+4, kxpdq fdslwdo dffxpxodwlrq uhsodfhv sk|vlfdo fdslwdo dffxpxodwlrq dv
wkh gulylqj irufh ehklqg erwk jurzwk dqg fkdqjhv lq wkh sdwwhuq ri lqfrph
glvwulexwlrq> +5, uhglvwulexwlrq lv lq wkh irup ri hjdolwduldq sxeolf hgxfdwlrq1
Wkh srolwlfdo phfkdqlvp lv vlplodu wr Dohvlqd dqg Urguln*v lq wkh vhqvh wkdw
5ulfkhu g|qdvwlhv sd| d kljkhu sulfh lq rughu wr ehqh￿w iurp sxeolf hgxfdwlrq/
wkxv zrxog whqg wr yrwh iru d vpdoohu wd{ udwh> lw lv gl￿huhqw krzhyhu lq wkh
vhqvh wkdw uhglvwulexwlrq lq wkh irup ri sxeolf hgxfdwlrq udlvhv wkh vwrfn ri
kxpdq fdslwdo zlwklq doo g|qdvwlhv +srruhu dqg ulfkhu,/ doehlw lq gl￿huhqw
sursruwlrq1 Dv d uhvxow/ ghprfudflhv zlwk d pruh xqhtxdo glvwulexwlrq ri
lqfrph jurz idvwhu wkdq pruh hjdolwduldq ghprfudflhv/ frqwudu| wr zkdw lv
irxqg lq erwk Ehuwrod +4<<6, dqg Dohvlqd dqg Urguln +4<<7,1
Wklv vkdus frqwudvw lq wkhruhwlfdo ￿qglqjv lv txlwh sx}}olqj dqg wkhuh0
iruh ghvhuyhv vrph h{sodqdwlrq1 Lw lv zruwk qrwlqj wkdw lq Vdlqw0Sdxo dqg
Yhuglhu ^VY‘ +4<<6,/ lqwhu0jhqhudwlrqdo wudqvplvvlrq ri kxpdq fdslwdo glv0
sod|v wzr vwulnlqj ihdwxuhv= ￿uvw/ lw lpsolhv wkdw sxeolf h{shqglwxuh rq hgxfd0
wlrq furzgv rxw sulydwh h{shqglwxuhv e| dowuxlvwlf sduhqwv/ lq wkh vhqvh wkdw
vxfk sduhqwv fdq qrw/ li wkh| ￿qg lw rswlpdo/ lqfuhdvh2ghfuhdvh wkh txdolw|
ri wkh hgxfdwlrq uhfhlyhg e| wkhlu r￿vsulqj1 Dv Show}pdq +4<:6, revhuyhv/
vxfk d phfkdqlvp whqgv wr orzhu wkh wrwdo dprxqw ri hgxfdwlrq ghpdqghg/
wkxv whqgv wr orzhu jurzwk/ frpsduhg wr d v|vwhp zkhuh sxeolf ixqglqj ri
hgxfdwlrq lv dgplqlvwhuhg wkurxjk d yrxfkhu v|vwhp +Erogulq 4<<6, ru dq
hgxfdwlrq vxevlg| +Shurwwl 4<<6,1 Vhfrqg/ wkhlu kxpdq fdslwdo dffxpxodwlrq
whfkqrorj| ghvfulehv fklog*v kxpdq fdslwdo dv wkh rxwfrph ri wzr dowhuqd0
wlyh dfwlylwlhv= rqh wkdw xwlol}hv sduhqwdo kxpdq fdslwdo dqg dq h{rjhqrxvo|
ghwhuplqhg iudfwlrq ri sduhqw*v wlph dv lqsxwv/ dqg rqh wkdw xwlol}hv rqo| wkh
xqltxh frqvxpswlrq jrrg dv dq lqsxw1 Lq uhdolw|/ rqh zrxog h{shfw hdfk ri
wkhvh wzr dfwlylwlhv wr sxw d ghpdqg rq fklog*v wlph/ vlqfh hpslulfdo hylghqfh
uhyhdov wkdw d fklog*v wlph lv dq lpsruwdqw ghwhuplqdqw ri klv2khu kxpdq
fdslwdo +vhh iru h{dpsoh Jorpp 4<<:,1 Lq wkhlu prgho/ krzhyhu/ lw lv xqfohdu
krz fklog*v wlph lv doorfdwhg ehwzhhq wkhvh wzr frpshwlqj dfwlylwlhv1
Lq wklv sdshu/ zh sursrvh d iudphzrun wr vrph h{whqw vlplodu wr ^VY‘/
exw zklfk uhsurgxfhv Dohvlqd dqg Urguln*v frqfoxvlrq1 Frqwudu| wr ^VY‘
+4<<6,/ zh dgrsw d kxpdq fdslwdo dffxpxodwlrq whfkqrorj| zkhuh fklog*v
wlph/ sduhqwdo vwrfn ri kxpdq fdslwdo dqg wkh xqltxh frqvxpswlrq jrrg
frpsohphqw rqh dqrwkhu dv lqsxwv lqwr d fklog*v kxpdq fdslwdo dffxpxod0
wlrq surfhvv/ dv lq Jorpp +4<<:,1 Dqrwkhu glvwlqjxlvklqj ihdwxuh ri rxu
kxpdq fdslwdo dffxpxodwlrq whfkqrorj| lv wkdw hgxfdwlrq/ zkrvh txdolw| lv
phdvxuhg lq whupv ri wkh xqltxh frqvxpswlrq jrrg/ lv sulydwho| surylghg
dqg wrwdo lqyhvwphqw lq d fklog*v hgxfdwlrq kdv wzr frpsrqhqwv= d sulydwh
frpsrqhqw uhsuhvhqwhg e| sduhqwv* frqwulexwlrq wr wkh ￿qdqflqj ri wkhlu r￿0
vsulqj hgxfdwlrq/ dqg d sxeolf frpsrqhqw uhsuhvhqwhg e| jryhuqphqw*v h{0
shqglwxuh rq hgxfdwlrq/ dv lq Erogulq +4<<6,1 Wklv ihdwxuh ri wkh whfkqrorj|
lpsolhv wkdw sxeolf lqyhvwphqw lq hgxfdwlrq lv dgplqlvwhuhg wkurxjk hlwkhu
d vxevlg| v|vwhp ru d yrxfkhu v|vwhp1 Rxu srolwlfdo phfkdqlvp wkhuhiruh
6lpsolhv wkdw dq lqfuhdvh lq wkh wd{ udwh vxssruwlqj jryhuqphqw h{shqglwxuh
rq hgxfdwlrq udlvhv wkh jurzwk udwh ri kxpdq fdslwdo zlwklq srruhu g|qdv0
wlhv/ zkloh lw ghfuhdvhv wklv ￿jxuh iru ulfkhu g|qdvwlhv1 Wr doorz iru gluhfw
frpsdulvrqv ri rxu uhvxowv zlwk wkrvh ri ^VY‘+4<<6,/ zh suhvhqw/ lq vhfwlrq
5/ d yhuvlrq ri ^VY‘*v prgho zkhuh sduhqw*v wlph doorfdwhg wr kxpdq fdsl0
wdo wudqvplvvlrq lv hqgrjhql}hg dqg wkh wd{ froohfwlrq v|vwhp hqwdlov frqyh{
frvwv/ dv lq Shurwwl +4<<6,1 Zh wkhq vkrz wkdw wklv yhuvlrq uhsolfdwhv wkh
uhvxowv rewdlqhg lq ^VY‘ +4<<6,1 Rxu prgho lv ixoo| ghvfulehg lq vhfwlrq 61
Zh vkrz wkdw frpelqlqj juhdwhu htxdolw| zlwk ghprfudf| lqghhg |lhogv d
kljkhu jurzwk udwh1 Frqfoxglqj uhpdunv lq vhfwlrq 7 forvh wkh sdshu1
5 D Vlpsoh Yhuvlrq ri ^VY` 4<<6
Frqvlghu d forvhg hfrqrp| zlwk d vlqjoh frqvxpswlrq jrrg1 Wkh jrrg fdq
eh xvhg iru hlwkhu frqvxpswlrq ru lqyhvwphqw lq kxpdq fdslwdo1 Wklv jrrg
lv surgxfhg xvlqj kxpdq fdslwdo +K, dffruglqj wr d surgxfwlrq ixqfwlrq
ghvfulehg e| \| @ K| zkhuh \| lv wkh rxwsxw ri wkh uhsuhvhqwdwlyh ￿up1
Rxwsxw lv wkh qxp￿udluh dqg lwv sulfh lv qrupdol}hg wr xqlw|1
Hdfk lqglylgxdo olyhv iru wzr shulrgv dqg kdv rqh sduhqw dqg rqh fklog/
zklfk fuhdwhv lqwhu0jhqhudwlrqdo olqnv zlwklq idplo| g|qdvwlhv1 Hdfk jhqhu0
dwlrq frqvlvwv ri d frqwlqxxp ri lqglylgxdov ri pdvv qrupdol}hg wr xqlw|1
Lqlwldoo|/ lqglylgxdov gl￿hu rqo| lq wkhlu hqgrzphqw ri kxpdq fdslwdo/ zklfk
lv wkh rqo| vrxufh ri lqfrph lqhtxdolw| lq wklv hqylurqphqw1 Zkhq |rxqj/
lqglylgxdov pdnh qr ghflvlrqv1 Zkhq rog/ wkh| kdyh suhihuhqfhv ryhu idplo|
frqvxpswlrq +f|, dqg wkhlu +xqltxh, fklog*v kxpdq fdslwdo +k|n￿,1D v l q






j .+ k ￿|n￿,j‘> +4,
doo l 5 ^3>4‘/d o ow+ w@3 > 4 >===,/ zlwk ￿ 9@3 1Z k h q ￿ @3 / wkh xwlolw| lv
orjdulwkplf1
Doo lqglylgxdov duh hqgrzhg zlwk rqh xqlw ri qrq0ohlvxuh wlph1 Zkhq rog/
d w|slfdo djhqw vxssolhv d iudfwlrq o￿| ri klv xqlw ri qrq0ohlvxuh wlph wr oderu
dfwlylwlhv> wkh uhpdlqlqj iudfwlrq +4 ￿ o￿|, lv doorfdwhg wr lqwhu0jhqhudwlrqdo
wudqvplvvlrq ri kxpdq fdslwdo wkdw sulydwho| ehqh￿wv klv +xqltxh, fklog1
Zkhq |rxqj/ d w|slfdo djhqw*v xqlw ri wlph lv hqwluho| doorfdwhg wr vfkrrolqj1
Li d |rxqj djhqw ehorqjlqj wr d idplo| zlwk sduhqwdo kxpdq fdslwdo +k￿|,/
uhfhlyhv d sxeolf hgxfdwlrq ri txdolw| +h
}
|, gxulqj klv hqwluh fklogkrrg dqg
lqkhulwv d ohyho +4 ￿ o￿|,k￿| ri kxpdq fdslwdo iurp klv dowuxlvwlf sduhqw/ klv
7kxpdq fdslwdo zkhq rog lv ghvfulehg e|
k￿|n￿ @ ￿++4 ￿o￿|,k￿| . h
}
|,> +5,
zkhuh ￿A4lv d surgxfwlylw| sdudphwhu/ dqg h
}
| lv phdvxuhg lq whupv ri wkh
xqltxh frqvxpswlrq jrrg1 Wkh idplo| exgjhw frqvwudlqw wkxv lv
f￿| ￿ +4 ￿ ￿|,o￿|k￿|> +6,
zkhuh f￿| ghqrwhv idplo| frqvxpswlrq dw gdwh w/d q g￿ |lv wkh sursruwlrqdo
wd{ udwh vxssruwlqj sxeolf surylvlrq ri hgxfdwlrq1
Wkh srolwlfdo hfrqrplf hqylurqphqw fruuhvsrqgv wr d ixoo sduwlflsdwlrq
ghprfudf|1 Frqvhtxhqwo|/ lq doo shulrgv/ wkh jryhuqphqw fkrrvhv wkh ohyho
ri lqfrph wd{hv dv li lw pd{lpl}hv wkh xwlolw| ri wkh phgldq yrwhu1 Uhyhqxhv
wkxv froohfwhg duh uhglvwulexwhg lq wkh irup ri hjdolwduldq sxeolf hgxfdwlrq/
vxemhfw wr d edodqfhg jryhuqphqw exgjhw1 Wr doorz gluhfw frpsdulvrqv
zlwk uhvxowv lq wkh qh{w vhfwlrq/ zh dvvxph/ dv lq Shurwwl +4<<6,/ wkdw wd{
froohfwlrq hqwdlov frqyh{ frvwv zklfk/ lq wklv fdvh/ orzhu wkh dprxqw ri sxeolf




|,h k|/ wkh wrwdo uhyhqxh uhglvwulexwhg/ zkhuh h k| @
U ￿
f o￿|k￿|gl lv shu
fdslwd lqfrph1 Wklv wkhuhiruh lpsolhv wkdw lw lv qrw lq wkh ehvw lqwhuhvw ri
wkh phgldq yrwhu wr sursrvh d wd{ udwh h{fhhglqj 4@51
Hfrqrp|0zlgh uhvrxufh frqvwudlqwv duh jlyhq e|
K| ￿ h k| +7,
] ￿
f
f￿|gl . ￿|h k| ￿ \|= +8,
D frpshwlwlyh htxloleulxp iru wklv hfrqrp| lv d vhtxhqfh ri doorfdwlrq0
surgxfwlrq sodqv
q
+f￿|>k ￿|n￿>v ￿|,￿Mdfc￿o >K |
r
|’fc￿c￿￿￿
vxfk wkdw iru doo w/d q g
jlyhq kf dqg ￿|/ +f￿|>k ￿|n￿, vroyhv +4, vxemhfw wr +5, dqg +6,> K| pd{lpl}hv
wkh uhsuhvhqwdwlyh ￿up*v sur￿w> k￿|n￿ @ ￿++4 ￿ o￿|,k￿| .h
}
|,/d o ol > dqg +7,
dqg +8, duh vdwlv￿hg=
Vxssrvh wkdw iru doo w dqg iru doo ￿| 5 +3>4@5,/ k￿| Ah
}
| doo l1 Dvvxplqj
zlwkrxw orvv ri jhqhudolw| wkdw ￿ @3 / wkh ￿uvw rughu frqglwlrqv iru wkh
rswlpdo fkrlfh ri sduhqwdo wlph doorfdwhg wr lqwhu0jhqhudwlrqdo wudqvplvvlrq
ri kxpdq fdslwdo |lhog

















Htxdwlrq +:, vwdwhv wkdw wkh iudfwlrq ri wkh sduhqw*v wlph doorfdwhg wr kxpdq
fdslwdo wudqvplvvlrq lqfuhdvhv zlwk klv kxpdq fdslwdo1 Vxevwlwxwlqj wklv
htxdwlrq lqwr ht1+5,/ uhduudqjlqj whupv |lhogv k￿|n￿ @ ￿ ￿+k￿| . h
}
|,/ zkhuh












Ht1+;, vxppdul}hv wkh fkdudfwhulvwlfv ri wkh lqwhu0jhqhudwlrqdo kxpdq fdsl0
wdo wudqvplvvlrq surfhvv1 Lw vwdwhv wkdw dq lqfuhdvh lq wkh wd{ udwh vxssruwlqj
sxeolf hgxfdwlrq udlvhv wkh jurzwk udwh ri kxpdq fdslwdo zlwklq doo idplo| g|0
qdvwlhv +erwk srruhu dqg ulfkhu g|qdvwlhv,> wklv h￿hfw lv vwurqjhu wkh srruhu
wkh idplo| g|qdvw| dqg zhdnhu wkh ulfkhu wkh idplo| g|qdvw|1
Qrz frqvlghu htv1+9, dqg +:, zulwwhq iru wkh phgldq yrwhu lqgh{hg e|
+p,1 Xsrq vxevwlwxwlrq lqwr wkh remhfwlyh ixqfwlrq/ xvlqj h{suhvvlrqv +5,


















Djdlq dvvxplqj wkdw ￿ @3 / wkh ￿uvw rughu frqglwlrqv iru wklv sureohp uhgxfh
wr
8￿2
| ￿ :￿| .5￿k 6|h k3￿
| @3 = +<,
Ohw h ￿6| ￿ +o6|k6|,h k3￿
| ghqrwh wkh phgldq yrwhu*v uhodwlyh srvlwlrq lq wkh
lqfrph glvwulexwlrq/ zkhuh 3 ? h ￿6| ￿ 41 Rqh fdq lqwhusuhw h ￿6| dv d phdvxuh
ri wkh ghjuhh ri lqfrph lqhtxdolw| lq wkh hfrqrp|1 Lq sduwlfxodu/ dv h ￿6|
$ 3/ lqfrph glvwulexwlrq ehfrphv pruh xqhtxdo> dv h ￿6| $ 4/ lqhtxdolw|
ghfuhdvhv1
Xvlqj htv1+9, dqg wkh gh￿qlwlrq ri h ￿6|/ lw fdq hdvlo| eh yhul￿hg wkdw
k6|h k3￿
| @5 h ￿ 6| ￿ ￿|+4 ￿ ￿|,1 Vxevwlwxwlqj wklv lqwr ht1+<, |lhogv
7￿2
| ￿ 9￿| .5+ 4￿h ￿ 6|,@3 =
Vlqfh wkh wd{ udwh pxvw eh ohvv wkdq 4@5/ wkh srolwlfdo htxloleulxp wd{ udwh
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zkhuh ￿ k| @
U ￿
f k￿|gm lv wkh hfrqrp|0zlgh dyhudjh kxpdq fdslwdo ohyho1 Dv0
vxplqj wkdw 53￿h
}
|n￿ ￿ 3 dqg glylglqj wkh deryh htxdwlrq wkurxjk e| h k|
|lhogv wkh hfrqrp|*v jurzwk udwh dv iroorzv
h k|n￿
h k|
@ ￿ ￿++￿| ￿ 4, . ￿6|+4 ￿ ￿6|,,> +44,
zkhuh ￿| @ ￿ k| @h k| A 4 vlqfh o￿| vdwlv￿hv 3 ?o ￿| ? 4 iru dw ohdvw rqh m/d q g
3?o ￿| ￿ 4 iru doo m> ￿6| ￿ ￿+h ￿6|,1 Vlqfh ￿￿+h ￿6|, ? 3/ ht1+44, vwdwhv wkdw wkh
pruh xqhtxdo lv wkh lqfrph glvwulexwlrq +l1h1/ wkh vpdoohu h ￿6|,/ wkh kljkhu lv
wkh jurzwk udwh ri wkh hfrqrp|1 Wkh lpsolfdwlrq lv wkdw lqfrph lqhtxdolw| lv
ehqh￿fldo wr jurzwk dv orqj dv lw lpsolhv kljk vxssruw iru hjdolwduldq sxeolf
hgxfdwlrq1
6 Prgli|lqj wkh Kxpdq Fdslwdo Dffxpxodwlrq Whfk0
qrorj|
Lq wklv vhfwlrq zh uhwdlq wkh edvlf vwuxfwxuh ri ^VY‘ +4<<6,/ h{fhsw iru wkh






dv lq Jorpp +4<<:,/ zkhuh ￿ dqg ￿ duh +qrq qhjdwlyh, h!flhqf| sdudphwhuv>










| ghqrwh sulydwh +s,/ dqg sxeolf +j,/ h{shqglwxuhv rq hgxfdwlrq
uhvshfwlyho|1 Wkh deryh kxpdq fdslwdo dffxpxodwlrq whfkqrorj| lpsolhv wkdw
wkhuh lv qr fklog oderu lq wklv hqylurqphqw vr wkdw fklog*v wlph doorfdwhg wr
vfkrrolqj lv vhw wr xqlw|5> lw kdv wkh glvwlqjxlvklqj ihdwxuh wkdw hgxfdwlrq
5Wkh lqwurgxfwlrq ri fklog oderu zloo frpsolfdwh wkh dqdo|vlv zlwkrxw dgglqj pxfk wr
lw1
:lv sulydwho| surylghg/ lpso|lqj wkdw sxeolf lqyhvwphqw lq hgxfdwlrq lv hlwkhu
lq wkh irup ri gluhfw vxevlglhv +Shurwwl/ 4<<6, ru lq wkh irup ri hgxfdwlrq
yrxfkhuv +Erogulq/ 4<<6, doorfdwhg wr idplolhv lq dq hjdolwduldq edvlv1
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zkhuh ￿| ghqrwhv wkh sursruwlrqdo wd{ udwh rq sduhqw*v oderu lqfrph/ dqg
h
R
| lv sulydwh lqyhvwphqw lq kxpdq fdslwdo phdvxuhg lq whupv ri wkh xqltxh
frqvxpswlrq jrrg/ dv lq Jorpp +4<<:,1
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vxfk wkdw iru doo w/ dqg jlyhq
kf dqg ￿|/ +f￿|>k ￿|n￿, vroyhv +4, vxemhfw wr +45,/ +46, dqg +47,> K| pd{lpl}hv
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Frqvlghu wkh sureohp ri pd{lpl}lqj +4, vxemhfw wr +45,/ +46, dqg +47,1
Vlqfh wkhru| grhv qrw sxw dq| uhvwulfwlrq rq wkh vxp ￿ . ￿/ wr doorz iru
frpsdulvrqv zlwk vwdqgdug hqgrjhqrxv jurzwk prghov/ ohw*v frqvlghu wkh
fdvh zkhuh ￿ @4dqg ￿ @3 6=Xsrq vxevwlwxwlrq ri h{suhvvlrqv +45,/ +46,
dqg +47, lqwr +4,/ dqg dvvxplqj zlwkrxw orvv ri jhqhudolw| wkdw ￿ @3 /w k h
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6Wkh uhdghu vkrxog qrwh wkdw vhwwlqj q:fkdv qr txdolwdwlyh lqflghqfh rq wkh pdlq







zkhuh ￿| @+ 4.￿ |, 3 ￿1 Htv1+4<, dqg +53, fkdudfwhul}h wkh lqwhu0jhqhudwlrqdo
kxpdq fdslwdo wudqvplvvlrq surfhvv1 Lq sduwlfxodu/ ht1+4<, vwdwhv wkdw dq
lqfuhdvh lq wkh wd{ udwh vxssruwlqj sxeolf lqyhvwphqw lq hgxfdwlrq udlvhv
wkh jurzwk udwh ri kxpdq fdslwdo iru idplo| g|qdvwlhv zlwk suh0wd{ lqfrph
k￿| ? +4 ￿ 5￿|,￿ k|/ zkloh lw orzhuv wkdw ￿jxuh iru idplo| g|qdvwlhv zlwk suh0
wd{ lqfrph deryh wklv wkuhvkrog ohyho1 Wr vhh wklv/ lw vx!fhv wr gl￿huhqwldwh
ht1+4<, zlwk uhvshfw wr ￿|1 Qrwh wkh vkdus frqwudvw ehwzhhq wklv uhvxow dqg
wkh rqh rewdlqhg lq ht1+;,1 Ixuwkhupruh/ dv orqj dv wkh wd{ udwh ￿| A 3/l q w h u 0
jhqhudwlrqdo wudqvplvvlrq ri kxpdq fdslwdo uhvxowv lq d ghfolqh lq lqfrph
lqhtxdolw| dv looxvwudwhg lq ht1+53,1 Lw lv zruwk qrwlqj wkdw wkh uhvxow lpsolhg
e| ht1+53, lv txdolwdwlyho| vlplodu wr wkh rqh rewdlqhg e| Vdlqw0Sdxo dqg
Yhuglhu +4<<6,1 Wkh lpsolfdwlrq ri ht1+4<, duh glvfxvvhg lq wkh vxevhfwlrq
ehorz1
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Ohw ￿6| ￿ k6| @￿ k| ghqrwhv wkh uhodwlyh srvlwlrq ri wkh phgldq yrwhu lq wkh
lqfrph glvwulexwlrq/ zkhuh k6| ghqrwhv wkh phgldq yrwhu*v lqfrph1 Qrwh
wkdw ￿6| vdwlv￿hv 3 ?￿ 6| ￿ 4/ doo w1 Dv orqj dv ￿6| ? 4/ wkh hfrqrp|
lv fkdudfwhul}hg e| lqfrph lqhtxdolw|> ￿6| @4fruuhvsrqgv wr wkh fdvh ri
dq hjdolwduldq hfrqrp|1 Wkhuhiruh ￿6| fdq eh lqwhusuhwhg dv d phdvxuh ri
lqfrph lqhtxdolw| lq wkh hfrqrp|1 Iurp +4,/ vxevwlwxwlqj lq ht1+4:, |lhogv
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53￿ +4 ￿ ￿6|, li ￿6| ￿ 4
3 li ￿6| @4 1
+54,
Ht1+54, fkdudfwhul}hv wkh uhodwlrq ehwzhhq wkh lqfrph glvwulexwlrq sdwwhuq dv
ghwhuplqhg e| wkh phgldq yrwhu*v uhodwlyh srvlwlrq lq wkh lqfrph glvwulexwlrq
+￿6|,/ dqg wkh ohyho ri uhglvwulexwlyh wd{dwlrq dv ghwhuplqhg e| wkh phgldq
yrwhu*v wd{ sursrvdo ￿6|1 Wklv htxdwlrq vwdwhv wkdw wkh ohyho ri uhglvwulexwlyh
<wd{dwlrq ghfolqhv dv lqfrph glvwulexwlrq ehfrphv pruh htxdo1 Zh duh qrz
uhdg| wr vwdwh wkh pdlq uhvxow ri wklv sdshu1








j+￿6|, li ￿6| ￿ 4>
53￿￿ li ￿6| @4 /
+55,
zkhuh
j+￿6|, ￿ ;3￿￿ +4 . ￿6|,+6￿￿6|,= +56,
Htv1+55, dqg +56, fkdudfwhul}h wkh lqfrph lqhtxdolw| dqg jurzwk g|qdplfv
iru wklv hfrqrp|1 Revhuyh wkdw dv ￿6| $ 4/ j+￿6|, $ ￿ ￿1 Wklv lpsolhv
wkdw dv lqfrph glvwulexwlrq ehfrphv pruh htxdo/ wkh hfrqrp| frqyhujhv wr
d vwhdg|0vwdwh jurzwk sdwk1 Ixuwkhu/ qrwh wkdw dv orqj dv wkh phgldq yrwhu
lv srruhu uhodwlyh wr wkh phdq +l1h1/ ￿6| ? 4,/ j+￿6|, ? ￿ ￿1 Dovr/ lw fdq hdvlo|
eh yhul￿hg wkdw wkh ixqfwlrq j+=, lv vwulfwo| lqfuhdvlqj dqg vwulfwo| frqfdyh lq
￿6|/ lpso|lqj wkdw gxulqj wkh hfrqrp|*v frqyhujhqfh surfhvv/ wkh hfrqrp|*v
jurzwk udwh ulvhv/ doehlw dw d ghfuhdvlqj udwh1 Wkdw lv wr vd|/ frqyhujhqfh lv
iurp d orzhu/w rdkljkhu/ jurzwk udwh/ frqwudu| wr zkdw lv irxqg e| ^VY‘
+4<<6,1
7 Frqfoxglqj Uhpdunv
Lq wklv sdshu/ zh kdyh h{dplqhg wkh g|qdplfv ehwzhhq lqfrph uhglvwule0
xwlrq dqg jurzwk zkhq uhglvwulexwlrq lv lq wkh irup ri sxeolf lqyhvwphqw
lq hgxfdwlrq1 Xvlqj d vlpsoh srolwlfdo hfrqrp| prgho ri jurzwk/ zh irxqg
wkdw lq d ixoo sduwlflsdwlrq ghprfudf|/ dq lqlwldoo| kljkhu ghjuhh ri lqfrph lq0
htxdolw| udlvhv wkh ohyho ri uhglvwulexwlrq/ zklfk/ lq wxuq/ vorzv grzq jurzwk1
Wklv uhvxow dovr uhyhuvh Vdlqw0Sdxo dqg Yhuglhu*v ￿qglqj wkdw lppljudwlrq
ri uhodwlyho| srruhu lqglylgxdov vwlpxodwh jurzwk lq wkh orqj uxq1
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^5‘ Dohvlqd/ Doehuwr dqg U1 Shurwwl +4<<8,/ ￿Wkh srolwlfdo Hfrqrp| ri
Jurzwk= D Fulwlfdo Vxuyh| ri wkh Uhfhqw Olwhudwxuh￿> Wkh Zruog Edqn
Hfrqrplf Uhylhz ;+6,= 6840:41
43^6‘ Ehuwrod/ Jlxvhssh +4<<6,/ ￿Pdunhw Vwuxfwxuh dqg Lqfrph Glvwulexwlrq
lq Hqgrjhqrxv Jurzwk Prghov￿1 Dphulfdq Hfrqrplf Uhylhz ;6= 44;70
<<1
^7‘ Erogulq/ Plfkhoh +4<<6,/ ￿Sxeolf Hgxfdwlrq dqg Fdslwdo Dffxpxod0
wlrq￿/ Qruwkzhvwhuq Xqlyhuvlw|/ Glvfxvvlrq Sdshu Qr1 434:1
^8‘ Fkhqhu|/ R1 E1 dqg rwkhuv +4<:7,/ Uhglvwulexwlrq zlwk jurzwk> Qhz
\run= R{irug Xqlyhuvlw| Suhvv1
^9‘ Jorpp/ Jhukdug +4<<:,/ ￿Sduhqwdo Fkrlfh ri Kxpdq Fdslwdo Lqyhvw0
phqw￿/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ Yro1 86=<<04471
^:‘ Jorpp/ Jhukdug dqg E1 Udylnxpdu +4<<:,/ ￿Surgxfwlyh Jryhuqphqw
H{shqglwxuhv dqg Orqj0Uxq Jurzwk￿/ Mrxuqdo ri Hfrqrplf G|qdplfv
dqg Frqwuro/ 54=4;605371
^;‘ Show}pdq/ Vdp +4<:6,/ ￿Wkh H￿hfwv ri Jryhuqphqw Vxevlglhv0lq0Nlqg
rq Sulydwh H{shqglwxuhv= Wkh Fdvh ri Kljkhu Hgxfdwlrq￿/ Mrxuqdo ri
Srolwlfdo hfrqrp|= ;4/ 40591
^<‘ Shurwwl/ Urehuwr +4<<6,/ ￿Srolwlfdo Htxloleulxp/ Lqfrph Glvwulexwlrq/
dqg Jurzwk￿/ Wkh Uhylhz ri Hfrqrplf Vwxglhv/ 93= :880::91
^43‘ Shuvvrq/ Wruvwhq dqg J1 Wdehoolql +4<<4,/ ￿Lv lqhtxdolw| Kduixo iru
JurzwkB Wkhru| dqg Hylghqfh￿/ plphr/ Xqlyhuvlw| ri Fdoliruqld dw
Ehunhoh|1
^44‘ Vdlqw0Sdxo/ Jloohv dqg Wklhuu| Yhuglhu +4<<6, ￿Hgxfdwlrq/ Ghprfudf|
dqg Jurzwk￿/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv1
44